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(54) LASER BEAM MACHINING METHOD 

(57)Abstract: 

PURPOSE: To enable increasing the machining speed by 
keeping the sizepower of a laser beam oscillator 1, as it 
is. 

CONSTITUTION: The pulse laser beam A emitted from 
the laser beam oscillator 1 is distributed into plural 
beams by a beam distributor 2. The transmitted beam B 
drives a machining head 3A and the head machine a 
sample 4 on an XYstage 5. In the mean time, the 
reflected beam C drives a machining head 3B and the 
head machines the sample 4 at the other area from the 
area machined by 3A at the time same time. By the 
transmission, reflection or reflection at the different 
angle of the laser beam, such the distributor 2 realizes 
simultaneous multiarea machining. These oscillator 1, 
distributor 2 and stage 5 are synchronously controlled 
by a control system 6. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The laser oscillation machine which generates a pulse laser, and the beam distributor 
which distributes said pulse laser to two or more optical paths, It has two or more sets of the X- 
Y stage which lays a sample and carries out a migration scan, and the processing heads which 
condense in the configuration of a request of said distributed laser beam, and irradiate said 
sample. The laser-beam-machining approach characterized for said pulse laser generated from 
said laser oscillation machine by said thing [ controlling said beam distributor to distribute more 
than one to the processing head of a base in order, and performing multipoint coincidence 
processing ]. 

[Claim 2] Said beam distributor is the laser-beam-machining approach according to claim 1 
characterized by distributing said laser beam to a 2-way by turns, and performing two-point 
coincidence processing using two sets of processing heads, when the laser beam transparency 
section and the reflective section consist of the disk arranged on a periphery by turns and rotate 
this disk synchronizing with said laser pulse. 

[Claim 3] Said beam distributor is the laser-beam-machining approach according to claim 1 
characterized by distributing said laser beam in the direction of plurality in order, and carrying 
out multipoint coincidence processing by two or more sets of processing heads by consisting of 
a rotating polygon and rotating this synchronizing with said laser pulse. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the laser-beam-machining approach of 
performing multipoint coincidence processing especially using a pulse laser, about the laser- 
beam-machining approach. 
[0002] 

[Description of the Prior Art] This conventional laser-beam-machining approach is explained 
with reference to drawing 8 thru/or drawing 13 below. 

[0003] Drawing 8 is the block block diagram of the laser-beam-machining equipment for 
explaining a conventional example. As shown in drawing 8 , usual laser-beam-machining 
equipment consists of a laser oscillation machine 1, a mirror 7, and the processing head 3 and X- 
Y stage 5. According to the processing purpose, as for this laser oscillation machine 1, the thing 
of CW operation or pulse operation is chosen suitably. Moreover, X-Y stage 5 lays a sample 4, 
and moves a processing location. 

[0004] Drawing 9 (a) and (b) are the concrete block diagrams of the processing head shown in 
drawing 8 , respectively. As shown in drawing 9 (a), the processing head 3 consists of the beam 
expander 16 and condenser lens 17 grade. It usually fixes, and although used, when a sample 4 
cannot be moved, the processing head 3 may be used, carrying out a migration scan. As 
mentioned above, this sample 4 is usually laid on X-Y stage 5, and has come to be able to carry 
out the migration scan of the sample. Moreover, as shown in drawing 9 (b), aperture 18 is placed 
in front of a condenser lens 19, image formation of the image by this may be carried out, and it 
may be processed. This is optical system called the so-called image formation optical system. 
(S1[ 1/])+(1/S2) =1/f If distance of aperture 18 and a lens 19 and distance of a lens 19 and a 
sample 4 are set to S1 and S2, respectively and the focal distance of a lens 19 is set to f, each 
part material will be arranged so that unrelated relation may be materialized. According to this 
optical system, there is an advantage that a processing configuration is controllable to 
arbitration. 

[0005] Drawing 10 (a) - (c) is a mimetic diagram showing the processing side of the versatility 
when using the processing head shown in drawing 9 (a), respectively. As shown in drawing 10 (a), 
this example of processing is called scribing and processes a sample 4 in the shape of a straight 
line by the laser beam. Moreover, as shown in drawing 10 (b), this example of processing 
performs hole processing to a sample 4. In these examples, the laser beam is processed with the 
circular beam which condensed as it is. Furthermore, as shown in drawing 10 (c), this example of 
processing is also the bottom about the processing configuration of a sample 4 through this at 
the shape of a rectangle using the mask 20 with which rectangle opening opened in the middle of 
the beam. 

[0006] Although various laser beam machining becomes possible by the approach mentioned 
above, the processing speed in these cases will be decided by passing speed of an X-Y stage. 
For example, the case where the scribe of the 300mm square of sample is carried out in 0.1mm 
pitch is considered. 

[0007] Drawing 1 1 is the perspective view of the processing sample for explaining the 
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conventional concrete examp^Wf processing. As shown in drawin g 1 1 ^Wen the stage rates 
when carrying out the scribe of the 300mm square of sample 4 mentioned above in 0.1mm pitch 
are 100 mm/S, it is needed for carrying out the scribe of the whole for about 50 minutes. Then, 
although it is possible to gather a stage rate in order to gather processing speed, there is a 
limitation also in this. Then, in order to gather this processing speed, how to divide a laser beam 
can be considered. 

[0008] Drawing 1 2 is the block block diagram of the laser-beam-machining equipment for 
explaining other conventional examples. As shown in draw ing 12 , this laser-beam-machining 
equipment leaves the laser oscillation machine 1 one set, using two sets of a half mirror 21, a 
mirror 7, and the processing heads 3A and 3B, divides a laser beam into two and carries out 
coincidence processing. Although a half mirror 21 is usually used in order to divide this laser 
beam into two, this is a mirror with the property of reflecting 50% of an incident beam and making 
50% penetrating. However, the processing time can be managed with about 25 minutes of 
previous one half, if scribe processing of a 300mm square mentioned above using the processing 
equipment of such a configuration is performed and the processing heads 3A and 3B will be 
detached 150mm. However, compared with laser power required for laser beam machining, the 
output power which the laser oscillation machine 1 has comes size more than twice, and it is 
restricted to a case that this processing approach is applicable. 

[0009] Drawing 13 is the block block diagram of the laser-beam-machining equipment for 
explaining another conventional example again. In order to gather the one layer processing speed 
of nearby to drawing 12 mentioned above from ****** processing speed, this processing 
equipment as shown in drawing 13 uses two sets of the laser oscillation machines 1A and 1B, 
two processing heads 3A and 3B, and two mirrors 7A and 7B, and carries out coincidence 
processing. Equipment cost will go up this processing approach. 
[0010] 

[Problem(s) to be Solved by the Invention] Since the conventional laser-beam-machining 
approach mentioned above needs a laser oscillation machine with big output power for gathering 
processing speed and moreover needs two laser oscillation machines of the equivalent engine 
performance, equipment size not only becomes large, but it has the fault that equipment cost 
also goes up. 

[001 1] The purpose of this invention is to offer the laser-beam-machining approach which can 
gather the processing speed of processing, holding down this cost to low cost comparatively. 
[0012] 

[Means for Solving the Problem] The laser oscillation machine with which the laser-beam- 
machining approach of this invention generates a pulse laser, The beam distributor which 
distributes said pulse laser to two or more optical paths, and the X-Y stage which lays a sample 
and carries out a migration scan, It has two or more sets of the processing heads which 
condense in the configuration of a request of said distributed laser beam, and irradiate said 
sample. Said beam distributor is controlled to distribute in order said pulse laser generated from 
said laser oscillation machine to two or more sets of said processing heads, and it is constituted 
so that multipoint coincidence processing may be performed. 
[0013] 

[Example] Next, the example of this invention is explained with reference to a drawing. 
[0014] Drawing 1 is the block block diagram of the laser-beam-machining equipment for 
explaining one example of this invention. The laser oscillation machine 1 with which this example 
generates the Q switch pulse A as shown in drawing 1 , The beam distributor 2 which 
accomplishes the principal part of this example in which the pulse A generated with the oscillator 
1 is penetrated or reflected, The processing heads 3A and 3B which consist of a mirror 7, a 
beam expander, a condenser lens, etc., and are driven with Beams B and C, Coincidence 
multipoint processing is carried out with processing equipment equipped with X-Y stage 5 which 
can lay the sample 4 which carries out laser beam machining, and can carry out a migration scan, 
and these laser oscillation machines 1, the beam distributor 7 and the control system 6 that 
controls X-Y stage 5 grade, the processing heads 3A and 3B which especially the beam 
distributor 2 distributed Beam A to two or more optical paths, and received this — sequence — 
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and it drives by turns. 

[0015] Drawing 2 and drawing 3 are the front views and top views of a beam distributor which 
are shown in drawing 1 , respectively. As shown in drawing 2 , this beam distributor 2 arranges a 
- mirror 9 at equal intervals on a disk 8, and consists of motors 1 1 which drive the shaft 10 
attached in the center, and this shaft 10. According to rotation of the motor 1 1 by the control 
from a control system 6, a disk 8 rotates this beam distributor 2. Moreover, as shown in drawing 
3 , opening 12 is formed between the mirrors 9 to which the disk 8 was fixed at equal intervals. 
That is, while reflecting a laser beam A and considering as Beam C by rotating a disk 8, it is 
T made to penetrate, a mirror 7 is supplied and it considers as Beam B. Reflection and 

transparency of this beam A are switched by turns. In short, with the configuration of drawing 1 , 
by installing the beam distributor 2 in the include angle of 45 degrees to the incidence laser 
beam A, incidence of the transmitted light is carried out to processing head 3A as a beam B 
through a mirror 7, and incidence of the reflected light is carried out to processing head 3B as a 
beam C. 

[0016] Drawing 4 is the perspective view of the processing sample for explaining the concrete 
example of processing in drawing 1 . As shown in drawing 4 , each processing heads 3A and 3B 
condense laser beams B and C on a sample 4 respectively, and can process two points into 
coincidence. And if distance I between processing head 3A and 3B is made into the one half of 
die-length L of a sample 4, the movement magnitude of X-Y stage 5 can be managed with the 
one half of the movement magnitude of the conventional approach, L/2 [ i.e., ], and the 
processing time can also be managed with one half, however, in order to realize this, fixed 
relation is maintained between the rotational frequency of a disk 8, and a laser pulse frequency - 
- it makes — if it kicks, it will not become. It must control the beam distributor 2 to become the 
relation of nu1=2nN, if the number of N and a mirror 9 is set [ the pulse frequency of the laser 
pulse A generated from the laser oscillation machine 1 ] to n for the engine speed of nu 1 (period 
T1) and a disk 8. For example, in the case of nu1=10kHz and n= 10, it is set to N= 500Hz and an 
ordinary AC motor, a DC motor or a stepping motor, etc. can be used as a motor 1 1. Next, the 
situation of distribution of a laser pulse is explained. 

[0017] Drawing 5 is the timing chart of the laser pulse distribution in drawing 1 . As shown in 
draw ing 5 , to the pulse period T1 (= 1 / nu 1) of the incidence laser beam A, the period T2 of 
Beams B and C and T3 are set to T2=T3=2T1, and a laser pulse will be distributed to Beams B 
and C by turns. Here, it is the laser pulse frequency required in a sample processing side which 
must be taken into consideration. That is, the laser pulse frequency nu 2 of the processing side 
in this example is set to the one half of the pulse frequency nu 1 of the original laser oscillation 
machine 1, i.e., nu2= (1/2), and nu 1. For example, in respect of processing, when a 10kHz laser 
pulse is required, as for the pulse frequency of the laser oscillation machine 1, 20kHz is needed^ 
However, in the case of the usual YAG laser processing machine, as for most, nu 2 is several 
kHz - about 20kHz, and since nu 1 is possible to about 50kHz, it does not have a problem. 
[0018] Since what is necessary is just not to improve the engine performance of the laser 
oscillation machine 1, or not to make it two sets, and to add the beam distributor 2 in short 
according to this example above, in order to gather processing speed, equipment is not enlarged, 
either but it can realize by the low price comparatively. 

[0019] Drawing 6 is the block block diagram of the laser-beam-machining equipment for 
explaining other examples of this invention. As shown in drawing 6 , this example of the laser 
oscillation machine 1, processing DDO 3A and 3B, X-Y stage 5, and a control system 6 is almost 
the same as compared with one example mentioned above. This example is to have used the 
rotating polygon 13 by which a motor (illustration abbreviation) drive is carried out as a beam 
distribution means instead of the beam distributor 2. This rotating polygon 13 makes each side 
face of a polyhedron a mirror side, and has a revolving shaft at the core. Moreover, this example 
uses the mirror 14 for instead of [ which does not use the mirror 7 by the side of processing 
head 3A ] at the processing head 3B side. 

[0020] Drawing 7 (a) and (b) are the enlarged drawings in angle of rotation from which the 
rotating polygon shown in drawing 6 differs, respectively. As first shown in drawing 7 R> 7 (a), 
mirror side 15A is reflected in perpendicular down as a beam B, when the location of drawing of 
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the situation of the beam disWKtion by rotation of a rotating polygon ^^.e„ the angle of 
incidence of Beam A, is 45 degrees. Next, if mirror side 15A moves by rotation of a rotating 
polygon 13 as shown in drawing 7 (b) (i.e., if it comes to the location whose angle of incidence of 
Beam A is 22.5 degrees), it will be reflected in the direction of the diagonal below as a beam C. 
The same actuation will be performed if it comes to the location same like the following as the 
location which mirror side 15B mentioned above. Thus, all the side faces of a rotating polygon 13 
have contributed to beam distribution. Therefore, like one example which also mentioned this 
example above, if N and the number of pages of a polyhedron are set [ the pulse frequency of 
the laser oscillation machine 1 ] to n for the rotational frequency of nu 1 and a rotating polygon 
13, it is necessary to control a rotational frequency N so that the relation of nu1=2nN is 
materialized. Moreover, it is the same as one example which also mentioned the timing of the 
distributed laser pulse above. That is, as shown in drawing 5 , the laser pulse A will be distributed 
to Beams B and C by turns. So, the frequency of the laser pulse in respect of processing is set 
to one half of the pulse frequencies of the laser oscillation machine 1. Although the location of 
the introductory mirror 14 at the time of leading a beam to the processing heads 3A and 3B 
must be cared about in this example since the point that a laser beam is reflected changes with 
the angular positions of a mirror side as shown in drawing 7 % it is completely the same as that of 
one example mentioned above about improvement in processing speed. 

[0021] In addition, in an above-mentioned example, although it was made to reflect a beam twice 
in respect of one, if it is made to carry out multiple-times reflection or is made to lead to two or 
more sets of processing heads, it cannot be overemphasized that coincidence processing of two 
or more points is realizable. 
[0022] 

[Effect of the Invention] As explained above, the laser-beam-machining approach of this 
invention is effective in the ability to speed up processing processing speed, without coming out 
of a laser oscillation machine as it is, and raising cost comparatively by a beam distributor's 
distributing in order the laser pulse generated from the laser oscillation machine to two or more 
beams, and being made to perform multipoint coincidence processing using two or more sets of 
processing heads corresponding to each beam. 
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- DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block block diagram of the laser-beam-machining equipment for explaining 
one example of this invention. 

[Drawing 2] It is the front view of the beam distributor shown in drawing 1 . 
[Drawing 3] It is the top view of the beam distribution value shown in drawing 1 . 
[Drawing 4] It is the perspective view of the processing sample for explaining the concrete 
example of processing in drawing 1 . 

[Drawing 5] It is the timing chart of the laser pulse distribution in drawing 1 . 

[Drawing 6] It is the block block diagram of the laser-beam-machining equipment for explaining 

other examples of this invention. 

[Drawing 7] It is the enlarged drawing of a rotating polygon shown in drawing 6 . 

[Drawing 8] It is the block block diagram of the laser-beam-machining equipment for explaining a 

conventional example. 

[Drawing 9] It is the concrete block diagram of the processing head shown in draw ing 8 . 
[Drawing 10] It is a mimetic diagram showing the various examples of processing when using the 
processing head shown in drawing 9 (a). 

[Drawing 1 1] It is the perspective view of the processing sample for explaining the conventional 
concrete example of processing. 

[Drawing 12] It is the block block diagram of the laser-beam-machining equipment for explaining 
other conventional examples. 

[ Drawing 13] It is the block block diagram of the laser-beam-machining equipment for explaining 
another conventional example again. 
[Description of Notations] 

1 Laser Oscillation Machine 

2 Beam Distributor 

3A, 3B Processing head 

4 Sample 

5 X-Y Stage 

6 Control System 
7, 9, 14 Mirror 

8 Disk 

10 Shaft 

11 Motor 

12 Opening 

13 Rotating Polygon 
15A, 15B Mirror side 
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[Drawing 5] 
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[Drawing 6] 
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[Drawing 8] 
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